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K I N E T I C S  OF TKE THEBH DISSOCIATION */ 166 

OF SILVER N I T R I T E  

Thorough experiments on the decomposition of s i lver  n i t r i t e  were per- 
formed as e a r l y  as 1871 by E, Divers 1). 
ski 2) t h i s  reaction under abnospheric pressure takes the following course:. 

The escaping NO, reac ts  with t h e  unchanged n i t r i t e :  

"ha following @quation is obtdned from th is  for the t o t a l  reaction: 

According to Centnermwor and C h ~ c d -  

AgXO, + hg + NO,. 

Ag90, + NO, + AgXO, + NO. 

2AgS0, + AgXO, + B g  + so. 
To the pressure of one atmosphere there corresponcis a dissociation temperature 
of 132' centigrade, and t o  a pressure of one millimeter mercury: 91". 
tern is a four-phase one (&NO2, Agl?03, Ag and t he  gaseous phase) According t o  
the Gibba - Oatwald r u l e  there are three components present. 
therefore univariant. 

The sya- 

The system i s  

The kinet ic  experinents were performed with The apparatus as descrlbad 

During t h e  experiment the increase 
previously 3). 
nitrogen and heated i n  the e lec t r ic  oven. 
of e i ther  the volume or of the pressure of the gas was measured. Two tes t  
series were performed:. an isobaric and an isochoric one, 
s e r i e s  the  generatad gas under constant pesowe was collected i n  the gas- 
measuring tube and the volumes ware measured with an accuracy of 0.1 ccmS.? mg, 
In the isochoric s a r i a s  the reaction chamber was closed by a d i f f e ren t i a l  pres- 
sup0 gauge, 

The @ass tube with t h o  dissociating substance was f i l l e d  with 

In the isobaric / 167 

The itror.aso i n  pressure was measured during the decomposition on 

*) b b r s  i n  the margin M i c a *  pagination i n  the original. foreign tofir 
1) E. Divers, J m n .  of the Chemical Society , London (2) 9, 85 (1871) 
2) H, Centnarsmsr and To ChecGski, this h l l e t i n  1935 pg. 156 
3)  M. Blumanthal, Journ, Chiha Physique, 31, 4% (1934) 



the d i f fe ren t ia l  pressure gaga, 
used homonitronaphthalene. 
In some cases m e r c u r y  was used as the fluid f o r  the pressure gauge, 

For the  f l u i d  f o r  the  pressure gauge we 
The accuracy of the observations was lmm=O,Ol mg. 

The s i lve rn i t r i t e  produced by u8 crystall ized i n  long f i b e r s  of a yel- 
lowish colour, 
the i r  length varied appreciably, but waa on the average about 1 cm. 
tals were dried carefully i n  vacuo a t  40' before being used for the experixw 
ants, The queation arose whether the aasociation of the IJO, t o  LJ,O+ and the 
dissociation of the W2 into NO and 0 could possibly have a disturbing influ- 
ence. But since the temperature during t h e  experiments l ay  only between 100" 
and W", the influence of these secondary reactions could be neglected, 

The diameter of the  individual crystals  was about 0.02 mm; 
The crys- 

If the rsaotiort takes place i n  a vacuum, the IJO, has no t i m e  t o  oxidize 
the silver n i t r i t e  and escapes very f a s t  from the surface. Ag and NO, anpear 
then a s  tho onQ decomposition prcducts. 
produced i n  the gas-phase in evar increasing quantities. Wa have chosen from 
t he  above mentioned paper by Centnerszwer and Chy&dci f i ve  experiments 
which were performed a t  195O undor different presares, They are compiled i n  
Table I. 

But  with increaslng pres~are NO is  

Table I. 

The reactions which take place can be considered as  chain reactions: 

"he generated ailvsr crg8td.a separate from the silver nitrite in a / 168 
l a t e r  phase of the reaction and the growing s i lver  n i t r i t e  too shows a ten- 
dency t o  form larger crystals, However, during the first half of the reac- 
t i on  the crystal l ine structure of the silver n i t r i t e  remains unchanged and the 
reaction product8 separate uniformly on i t s  surface, 

"he 1W content of the gaseous phase declines continually a t  rising tarn- 
perature as can be +seen from the following Table 11:: 

Table I1 
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a in ccm PO5 

z in '1, 10 

I OXr) 

m 

4.1.5 6-20 6-30 
---- 

20 30 40 

0.244 0444 0.131 

F-l1,732 

The r e su l t s  of the kinet ic  experiments a t  1 7 5 O  and a t  a pressure of one 
atmosphere are shown i n  Tabla 111. The volm~e of  the collectad gas is l i s t e d  
under V, the s t a t e  of decomposition in  $ $ d e r  x and tha calculated reaction 
velocity dx/dt i s  l i s t e d  under I os the man from two tes t  series. 

Table 111 

liJaight of sample:. 0.3g. t A 7 5 O  

Time t 
10 3.5 

50 

009s 

A t  l?5O there aanaars a d i s t inc t  induction period dxring t h e  first  2'7 
minutes. 

I Table IV: 

64 1123 

The induction period i s  shorter a t  195": it i 8  only five m i n u t e s .  / 169 
According t o  the reaction equation: 

I 

I 2 AgNO, = Ag + AgNO, + NO 

we have t o  expect a bimolecular reaction:: 
dX 

clt 
_-  - K,(1 - zy. 

I The calculated constants H, are given i n  Table IV and show sat isfactory agree- 
I ment. 

become smaller. 
composition. 

Qnlg toward-%he end of the exparimantel series the reaction constants 
It seem8 therefore that the reaction products hamper t h o  d b o  

In T , e k l e s  V and V I  wu &ow the results obtained a t  215Oand 300. 
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- .  . 

2 

2.30 

20 - 
1-15 

0114 

Table V 
0 

:?eight of sample:: 0.1 5g. t=215 -- ._ 
4 7 105 13.6 21 49 8.3 ~ -------- 
3 4 5  .160 5-75 670 7-83 920 1035 ; 

30 40 50 60 70 SO 80 ------- 
0 5 7  0.3s 033 0.29 015 005 003 ' 

0-107 0095 0100 0110 0111 0110 O.OS3, , -----__-- 

x in 

I 

10 K, 

10 

1.15 

- 

A t  higher temperatures (235O and 300') there is  generated i n  the gas phase PJOZ 
in ever increasing uuantitios. The conatant calculated f r o m  theequation of 
second ordm shows a t  215O still a vary good agreement. E3ut a t  300" the  order 
of the reaction becomes smaller. We used t h e  following empirical formula:: L m  

rl X 

mt 
- = K*, 5( 1 - x)', 5 

This corres-mrnda to +we kin&ica of a reaction witin s i d e  reactions, which also 
agrees with t h e  actual course of the  dissociation. I 

Experiments at  constant volume. 

In experbents t h a t  were perfonnod in a vacuum (ar e t  vary low initial 
pressures) there appeared i n  the gas phase only NO,, whereas t he  gas phase in 
other experiments conaiabd of I@ and 180, in different proportions, 
in the Tables V I I ,  
f m e d  a t  two undar Qtiffsrcnt initial pre~suros, 
noted by g, are 1ist.d according to the readings of the vcssure  gauge which 
was fiUd with ni=obrononaphthalene, I is the reaction velocity; x denotes, 
a s  before, the r e s p c t i v e  degree of decomposition. 

'de show 
and IX the results of tbrce test series which were per- 

The pressure increases, de- 

.i I '  - 

' 4  
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t in Min. 

p in mm 

I 

6 12 18 24 30 j 

181 282 350 417 475 , - - _ _ _ _ _ ~  

----- 

. 

d 
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WBight aP ample: 0.4.g. 

broiaonaphthalone scale, 

t=.15Qo. Initial 
pressure 200 mm Hg, Pressures i n  the nitro- 

20 I 29 

If wo calculatcl the reaction veloci t ies  f o r  the degree of decomposition 
of 20% of the i n i t i a l  amount, then we obtain f o r  the t h r e e  pressures (1 mm, 
200 mm and 760 mm) aa the r a t i o  of the reaction volocities: 

We see from t h i s  
sure increases. 
t e m  from the sta-twd equilibrium deareases w i t h  rising p~cssurc. 

of ti m Hg, the *e l iWh is comaratim3.y lm. 

11:12:13 = 11:6:3. 

the reaction VeIociCQ. decreases when the  initial  pres- 
Which is quite undarstandable since the distance of the q s -  

Xt is to ags  s tude the i n i t i a l  pres=. 

. I  

&. 
., Y 
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Therefore, the i n i t i a l  veladty is  rather high, 
with ris ing pressure and vhen the system approaches caui l ihr im thereby. 
in  those experiments which warm parfarmed under th6 i n i t i a l  pressures of 200 mm 

miller:: hence the decline of; .$he 
induction period appeara in thme 
k t  it becomsa m c h  mor0 d i s t i w t  at hperaturcra of 175" and 195" aa c(u1 br 
aeon from the following results. 

But it decreases rapidly 
But 

..and 760 mi t h o  distance d from the 8-e of equilibrium was 
al valociw 3.8 smaller and a diatinut . At 1%' it As not yet vary apparent, 

5 

t in Nin. 

p in mni 

x in O/,, 

f=- dP 
d t  

K ,  

1 

10 

Table XI L172 

p in mm 20 40 66 84 I x in Ol0 1 10 20 I 30 I 40 
---- 

df 
K,  0,127 

The reaction a t  higher temptratures, after the termination of the in- 
duction period, takes place accarding to an equation of first order. 
stanta EL, 0alcuht .d  $3wm this e-- show a good agreement. Qaly in the 
last Stages of the Fhaction a hamper- influence of %ho reaction products 
makes itself f e l t ,  

The con- 
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A = 41080 cal. 
26520 

Temperatur 

150°-1750 
17.E1"-195~ 
195°-2150 

A = 13350 cal. 

12030 

Table X I 1  
P = l m m  ' 1 P = '760 mm 

I -  I 1240.5 

We see from Table XI1 that the activation energy rises with higher 
prassure and decreases with highm temperature, 

1 )  The kinet ics  of the them31 decomposition of silver n i t r i t e  was in- 
vestigated, 

2) The reaction takas place in  two stages: (I) AgrJlo, = AgtND, and 
(11) N0,tAgI?OL=~~?03+N0. 
pressure. 

The velocit ies of both reactions depend on the 

3) When porformcd i n  a v3cuu11, the reaction takes place according / 1'72 
t o  an equation of first order, but d ~ e n  performed under atmospheric pressure, 
according t o  the equation of aecogd order. The =der of the react ion becomes 
lower with rising temperature. 

It becomes mort pronounced the higher the tamperatwe is, but vanishes a t  a 
cer tain distance from the temperature of eaui l ibr im.  

4) BLn induction period appears i n  the vic in i ty  of the equilibrium state ,  

We wish t o  express hero o m  gwti+x!e h Prof. M. Gentnerszwer for hi8 
stimulating suggestions and h i s  continuing interest .  

. 

Warsaw, Physicco-eharmical In s t i t u t e  of the Univorsity. 
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